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INTRODUCTION:
The torque-tension testing program recorded in this report is the result of
a requirement by NASA to obtain data for specific joint design, utilizing
various combinations of bolt, nut and lubricants in typical structure of
the shuttle booster rocket. Data for the specific Joint conditions were not
available and could not be extrapolated from existing data.
Further requirements of the structure performance criteria were to withstand
temperatures of 260°C (500°F) and to provide a nut lubricant which would be
compatible with sealants used in the Joint. Cadmium plating and dry film
lubricant meeting _he requirements of MIL-L-8937 were the lubricants
specified by NASA. In a follow-up effort, cadmium plating and cetyl alcohol
were further specified and tested.
The materials for the bolt and nut combinations were MP35N and A-286. These
materials demand a lubricant to be used to prevent galling of the thread
when tightened and also to help reduce the scatter of clamping load in
application.
i
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I To determine the torque-tension relationship of:
i. EWB 0420 A286 bolts, 61170 cadmium plated nu s, 61170 cadmium plated
nuts plus cetyl alcohol, and 61170 nuts with 620c dry film lubricant.
2. MDI_I-4020 MP35N bolts, EWNM26 cadmium plated nuts, and EWNM 26 nuts
with 620c dry film lubricant.
i
RESULTS:
i. A286 bolts, and 6]170 nuts.
i.i The torque vs. induced load curves for each size bolt and nut with
! lubricant tested are presented in Figures 4 *_.rough 18.
L
! 1.2 The recommended torque to induce 90,000 psi Joint clamping stress
L in the bolt threads was tabulated from each of the curves in i.i.
(Table VI)
2. MP35N Bolts, and EWNM 26 nuts
2.1 The torque vs. induced load curves for each size bolt, and nut with
lubricant tested are presented in Figures 19 through 28.
2.2 The recommended torque to induce 90,000 PSI joint clamping stress in
the bolt threads was tabulated from each of the curves in 2.1. (Table VII)
RECOMMENDATIONS:
Aircraft manufacturers have long recognized the variables associated with
torque-tension relationship. Several of these companies are increasing their
Joint reliability by requiring fastener manufacturers to provide the torque
to induce their specified bolt preload for each lot of nuts and bolts they
pllrchaae.
Because this is a good engineering approach to better Joint rellability, the
following recommendation is made:
For each new lot of A286, and MP35N bolts, and nuts purchased, the manufacturer
should be required to provide ten (I0) torque vs. induced load curves. These
tests should be generated using the bolts, nuts, washers, and Jolnt materlal
as described in this report.
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PROCEDURES:
I. Tust Components
The following bolts, nuts, washers, and aldminum Joint material were
used to accomplish the objectives of this program.
i.i High strength aircraft bolts
i! EWB-0420 A286 MDII!-_020 MP35N
q
I EWB-0420-4-34 MDIII-4020-0417
I EWB-0420-5-38 MDIII-4020-0547
EWB-0420-6-40 MDIII-4020-0634
EWB-0420-6-22 MDIII-4020-0822
EWB-0420-8-44 MDIII-4020-I025
EWB-0420-8-46
EWB-0420-10-26
EWB-0420-10-50
1.2 High strength aircraft nuts
1.2.1 Cadmium plate per QQ-P-416 Type II, Class 3
A286 MP35N
61170C-428 EWNM26-428
61170C-524 EWNM26-524
61170C-624 EWNM26-624
, 61170C-820 EWNM26-820
61170C-I018 EWNM26-1018
i
1.2.2 Cadmium plate per QQ-P-416 Type II, Class 3, plus
Cetyl alcohol (5 oz./gal.)
A286
61170C-428
61170C-524
61170C-624
61170C-820
61170C-I018
" 1.2.3 620C dry film lubricant per MIL-L-8937
J
' A286 MP35N
61170M-428 EWNM26-428
61170M-524 EWNM26-524
61170M-624 EWNH26-624
61170M-829 EWN_6-820
61170M-_018 EWNM26-1018
3
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PROCEDURES: (Continued)
i. Test Components (Continued)
1.3 Plain, and Countersunk Washers
1.3.1 NAS 1587 stainless steel washers (Fig. I)
Plain Washers Countersunk Washers
NAS 1587-4 NAS !587-4C
NAS 1587-5 NAS 1587-5C
NAS 1587-6 NAS 1587-6C
NAS 1587-8 NAS 1587-8C
1.3.2 A286 washers
5/8 inch plain, and countersunk washers were made to accommodate
the larger head and nut diameters of the 5/8 inch bolts, since
the diameter of the NAS 1587 washer was not compatible with the
nuts tested. The A286 material was in the solution treated
condition, and the NAS 1587 "A" diameter was changed to 1 i/4
inches, and the "D" thickness to 3/32 inches. (Figure i)
1.4 7075-T6 Aluminum Joint Material
• 1.4.1 1/8 inch thick 7075-T6 aluminum was cut into i inch, and
; 1 1/4 inch wide by 10 inch long strips. 1/4, 5/16, and 3/8
inch holes were dr111ed on i inch centers in the i inch wide
strips, and 1/2, and 5/8 inch holes were drilled on 1 1/4 inch
centers in the i 1/4 inch wide strips.
2. Test Program
2.1 Schedule of tests for each size bolt, nut, washer, and aluminum Joint
material:
Number of Tests
Torque- Bolt
Bolt Nut Nut Lubricant Tension Tensile
A286 61170C Cadmium Plate 5 3
A286 61170M 620c dry film 5
A286 61170C Cadmium Plate, 5 i*
& cetyl alcohol
* Where an additional lot of A286 bolts was procured to
determine the effects of cetyl alcohol on torque-tenslon
properties, one bolt was tensile tested to verify ult_=ate
tensil= strength.
MP35N EWNM 26 Cadmium Plate 5 3
MP35N EWNM 26 620c dry film 5
4
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PROCEDURES: (Continued)
3. Calibration
3.1 The torque, and pounds force load cells used in this test program
were calibrated in accordance with SPS Calibration Procedures
report CP-21 Just prior to testing.
3.2 Tensile machines are verified monthly according to SPS Calibration
Procedures CP-I
4. Test Procedures
4.1 Ultimate Tensile Strength
4.1.1 The bolts outlined in i.I, and the ccmpanion nuts outlined
in 1.2.1 were tested in the 60,000, and 120,000 pounds Tinius
Olsen tensile machines. Load versus elongation curves were
plotted on an X-Y recorder, and the proportional limit yield
strength was approximated at the maximum load within the
elastic limit.
4.2 Joint Bearing Stress
4.2.1 Joint Material
4.2.1.1 The minimum load to cause the NAS 1587 washers to
ii begin brinelling into the 7075-T6 alumiuum Joint
material was determined by loading the Joint in
i000 pound increments, and examining the aluminum
surface after each loading until the minimum load
where the washers brinelled into the aluminum was
determined. (Table III)
4.2.2 NAS 1587 Washers
4.2.2.1 The minimum load to cause the bolt head of the A286,
and MP35N bolls to begi_ brinelling into the NAS
15°7 countersunk washers was determined by loading
each bolt head against a washer in i000 pound
increments, and examining the washer after each
loading until the minimum load to brlnall the washer
was determined.
4.2.2.2 The minimum pounds to cause the 61170, and EWNM26
nuts to brinell in the NAS 1587 plain washers w&s
determined by loading each nut eSainst a washer in
I000 pound increments, and examining the rasher after
each loading until the minimum load to brinell tha
washer was determined. (Tables IV, and '_)
5
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_! PROCEDURES: (Continued)
'I 4. Test Procedures (Continued)
4 3 Torque Versus Induced Load
4.3.1 G.M. Torque-Tension Machine (Figures 2, and 3)
! The 1/4 through 1/2 inch sizes were tested in the G.M.
Torque-Tenslon machine which has a 4,000 inch pounds maximum
torque and a 60,000 pounds maximum tension capability. The
' rate of loading was controlled at 2 RPM.
4.3.2 SPS Torque-Tenslon Machine
The 5/8 inch A286 bolts were tested in the SPS Torque-Tenslon
machine which has a i0,000 inch pounds torque, and a 40,000
pounds maximum tension capability. The rate of loading
was controlled at 2 RPM.
4.3.3 Tinius Olsen Torque Machine
The 5/8 MP35N bolts were tested in a 60,000 inch pound Tiniu8
Olsen torque machine, using a 60,000 pound tension load cell.
The rate of loading was 1/2 RPM, the maximum available speed.
4.4 Torque-Tenslon set up
4.4.1 Each bolt was assembled in the tension load cell with a
NAS 1587 countersunk washer under head, and with the 7075-T6
aluminum Joint material, and a NAg 1587 plain washer under the
companion nut. (Figure 3).
The head was retained from turning, and torque .;as applied,
turning the nut against the plain washer. By this arrangement
the test bolt, nut, washers, and the aluminum Joint material
were tested as a u'it.
4.4.2 Torque vs. Induce_ Load Curves
4.4.2.1 The torque-tension curves for each of the f_ve bolts
tested were recorded by the torque-tension machine's
X-Y recorder. Then, dace points from the five curves
were replotted on a single chart. The recoam_ndod
seating torque selected was that point where the
mash of the induced loads was 90,000 psi tensile stress|
in the bolt threads.
!
' Other data points can be selected from the torque-
tension curves by the sane method.I
1
l
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DISCUSSION OF RESULTS:
When high strength fasteners Juch as 200 KSI A286, and 260 KSI MP35N nut,
and bolt combinations are used to preload a Joint consisting of low strength
NAS 1587 washers, and 7075-T6 aluminum Joint material it is essential to
include them in the torque-tension test Joint.
The torque-tension Joint study conduzted revealed that the 7075-T6 aluminum
Joint material, and the NAS 1587 washers maximum allowable beariDg stress
was approximately 40,000 psi, occurring at about I00,000 psi bolt preload
for both the A286 and MP35N nuts, and bolts (Tables llI, IV, and V), thereby
limitJng the Joint clamping loa4 to 90,000 psi. Increased washer strength,
and area should be considered when greater bolt preload is required.
J
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I Torque vs. Induced Load
I o, I$200 KSI 1/4-18 6-186 Nlts (0420-4-34)tes*.ed wlth I
NA.S1587-4, and -4c Washers, 7075-T6 bl I.JUK_U_rO_U_J_I Joint Material, and 61170 nuts
Nut Lubricant - Cadmium
Torque was applied to the nut a¢ 2 RI_ Chart No.:____
Dw_:
i -,
44.5 i(I0) :- ' J ' -
40 ;(e) --- ; •
]
35.6 :(8) ...... -t-...... 4_
3t.l :17) i I - I -
- !
2z.z .',(5) ....... -----t--- ....
=,
°' t 1 -" .
17.8 _:(4) " !
13.3 i(3) L --.:
" _
A -=4.45 ',(i) - . : !
(tnch pounds) 25 50 75 100 125 150 175 200 225 250 ; ":
Nevton-umtres 2.8 5.7 8.5 11.3 14 17 19.8 22.6 25.4 28.3 i
#f
Figure4.
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Torque vs. Induced Load __ !
of _ i
200 ESI i/4-28 A286 Bclcs (0420-4-34) I
i
tested with i
t
- HAS 1587-4, and -4C Washero, 7075-T6 A1 Ldt_OltATORJJ_ ]
Joint Material, and 61170 nutl |
Nut Lubricant - 620C dry film
JTorque was applied to the nut at 2 RPN Ch_ No.:Da_:
_"t"' "_'lt'*"f*'"l'"""'"'"''"'I'I''''"'1'"'_"1'"'"'1''_'"'I"'"1'"'i"',_
4_.5 :(zo) _----_ ..... t-...... --
i i
- Ii ! -_
_o (9) .--_ l =1
_ i _
? i
: 35.6 (8) - ' zl
i --,
I I _ '-EI
Jt.l 1(7) - I _ , -I
' ii --
---4- -_ " -_',5.7 1(6) -- ......... s
: , , /I" I i =
2".2 _:(5) ' i /
° I2./ I
° 7 -17 _ ...,(4).., -- ......... . _ii J _ _* _z3.3 :(3)
l,I q :(2) : , _-.
11 Ill 1111 1111 lilt 1_11 t11i 1111 1111 111 1111 llll 1111 Iii1 I •
(1, :h _undi) 25 50 75 100 125 150 175 200 225 250
• *Jwton-umtrel 2.8 5.7 8.5 11,3 14 17 19.8 22.6 2S.4 28.3
Figure6.
i
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Torque vs. Induced Load CM
_- of
_,.. 200 KSI 5/16-24 A266 Bolts (0420-5-36) _ ,.
, Tested with
NA_ 1587-5,and -5C Washers, 7075 T6 A.t LAIIORATOlUlS
Joint Material, and 61170 nuts ,
Nut Lubricant - Cadmium, and cetyl alcohol
Torque was applied to the nut at 2 RPM Ch_rt No.:
DaW:
i J I I iI I '
35.6 i#) t_ I'....II I / _
' Z
, . J _ I
t / //
. 2b.7 :(61 __ 7 -
zz. _- i(5) .... _+_________ .... __ __ -
o: r- ',
_I - I I
,/.8 _:(4) : .... / }
_:i
4.45 ',(I) • __
' I1i| ' J l _"(inch pounds) (50) (ZOO) (150) (ZOO) (250) (300) (350) (400) (450) (_00) {.
Nswton-_t rel $.7 11.3 17 22.6 28.3 34 39.6 45.2 50,9 $6.5
__ Figure8.
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Torque vs. Induced Load __
of
200 KSI 5/16-24 A286 Bolts (0420-5-38) ._
Tested with
NAS 1587-5 and -5C Washers, 7075-T6 A1 _oll|ms
Joint Katerial, and 61170 Nuts
Nut Lubricant - 620C dry film
Torque was applied to the nut at 2 RPM ChAurt No.:
Dato: i
-___'TT_'I"TT_ ]llll]llilllllllllllllll_],,l ]l[ll]lll lllllllll ]]liI]ll-] llllllill ]Ill!ill':__! -
,._._:_1o_ ..... I f ! _-
, /
, 1
' i
_i.] i(7)
X
Figure 9.
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J, _4 oOT _" ..',0 " :'
'I Torque VS.of Induced Lo.d200 KST 318-24 A286 Bolts (0420-6-22)
Tested with
NAS 1587-6, and -6C Washers, 7075-T6 A1 UUJOILd_OILJlr_
Joint Material, and 61170 nuts
NuC Lubricant - Cadmiun Chart No. •
Torque was applied to the nut at 2 L_M Dam:
_2
2_ 2
' 2 _/ -
' t / -71.2 ,,(16) ..
_ /
_2._:<_>_ _ // -
.=
_- ) / -
44.5 :_to) .,
, _ / / _
3S.6 _(8)
= L- / '=
oo _ / -, :
. _ //26.7 (6) -
- f _/" "_
--- /jt7.8 ,,(e,) =
_2
8.9 ;(2) -.
!l "
........ I.!111 il •
,(,.h ,_.,.(xoo)...(2oo)_..ooo>.(,oo).(_oL.(_L..<_oL.._,mL..(_oL.o=o>_.. ---- ---- ---- ----. ----- ---.. ----- -.............. %
NetFton-Netreo) IX.3 22.6 33.9 45.2 56.5 67.8 79.1 ]H).6 101.7 113
Fisure 10,
17
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Torque VS.of Induced Lo_d
200 KSI 3/8-24 A286 Bolts (0420-6-40) I
Tested with
[qAS 1587-6, and -6C washers, 7075-T6 AZ _Jm
Joint Material, and 61170 nuts
Nut Lubricant - _iua. and cetyl alcohol timer No. :
Torque was applied to the nut et 2 RPM De_:
22_ _
I
- /71.2 I(16)
- 7i -- -i
62.3 !([4) __ _
// -
44.5 ,.__,d i'-o ,(I0) _. /!_7 " "--
,_ -..2
, _ ¢ -=
26.7 I(6) ..... _
- -
17.8 (4) ..--- //,/Ir '- _8.9 ',12) / ........ -
: -2_-
(inL'h [sounds "_ ('I00) (200) (300) (/bOO) (500) (6_0) (700) (II_1 (900) (1000) _"
o
Nev¢ou-Metree) 11.3 22.6 33.9 45.2 56.$ 67.8 79.1 90,6 101.7 113
-w£1_re 11,
18
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Torque vs. Induced Load it
of
200 KSI 3/8-24 A2_6 BOZtS (0420-6-22)
Tested with
NAS 1587-6, and -6C Waeher8, 7075-T6 A1 IJIUJOP_dLT_a|I_
Joint Mater£al, and 61170 nuts
Nut Lubrlcant - 620(: dry film Cluu_ No. :
Torque was applied to the nut at 2 RIM Din:
!- , !
_._ i.(_._ ..... i --
! ; i J
. ....
26.7 1(6)
_ 8.9 ',(2) |
(tn4. h pounds) (lO0) (200) (300) (d_O) (500) (600) (_) (aO0) (_00) (|000)
...... ............................................................................
( llev_on-Hetres) 11.3 22.6 33.9 45.2 56.5 67.8 79.1 90.4 101.7 113
F£_ure 12,
19
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Torque vo. Induced Losd
of
200 KSI 1/2-20 $.286 Bolts (0420-8-44)
Teeted v_th
NAS 1587-8, and -8C Washers, 7075-T6 KI UllJIOJAT_IiI_
Joint _terial, and 61170 nuts
k_t Lubricant - Cadlium CIM_ No. : .
Torque was applied to the nut rt 2 10_:
_22.4 (50)
___
200 (_,5) _.= 4- ,,. _-
177.9 (hO) "---- { .... -
2
t55.7 (3S)
_33.4 (30) _ = _
.1 / cD _,J _, =
90 2: (20) / :
" / / lM, __ /, !
66.7 ,(151 _ /_/ :
_._ ;(1o) , -
=
I
/
] (i_h _s) (tOO0) (200O) O000) (_O0) (5000)
(ll_t_-m tru) 113 226 339 652 565
T
• ' FLit, re 13.
I
I zo
I
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F .........
Torque vil.og11_duced Load S
200 KSI t12=20 A286 ILolts (0420-8-46) i
Teated with
NAS 1587-8, and -8C vashere, 7075-T6 A1
Joint Material, and 61170 nuts
Nut Lubricant - Cadalua 4md cetyl 81cohol Clmet Me. :
Torque wns applied to the nut at 2 DUo:
v:"'l"'"'l_'"i'"l"l'""I""'"'Ir'''""I'" "'_'"','"i'"'i'"'l''''"'I"':_-
_____ '
2o0 (iS) _: f . ..
177.9 (60) .... I
y J !
r
15_.7 (35) - _ ) i
I
133.4 (30) ,, ( .__ ,
tt2 =',(:3) -
e,, ,- [ !g,
9o 21(2o) _ •
66.7 ;(15) ' / - . ,/
_.5 ;(tO) .....
z2.2 ;(s)
(t_u po,mds) (1oo0) (:ooo,_ (300o) (sdMO) (_00)
e_. eo_ eeeee wee.e ouomo_om_ i_ t _eoo.ee oooe oooo oQleeeo_e_eeouomo_o_eoe_oeo_eee_oee cOme.me
(xevtoe-m tree) 113 226 339 65t
FLft_..re lb.
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Torque vo. Induced Load
of
200 K.5! X/2-20 A286 lolt. (0420-8044) !
Teeted vlth _llJl /
NKS 1587-8t _81d -8C Wael_tre. 7075-T6 K1 JJoint I_terlel, and 61170 nuteNut Lubricant - 620C dry fll_t OIt_5 Me.: .Torque v6a 8ppllnd to the nut at 2 _ Dado:
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Torque vs. Induced Load
of
200 KSI 5/8-18 A286 Bolts (0420-10-50)
; Tested _th
a286 plaln, and countersunk waahere, 7075-T6 A3 _OallM[,
Jolnt liater4a1, and 61170 nuts
}lut Lubricant - £mdaitm Clumt No. :
Torque was appltlul to the nut of I/2 I_H Ds_:
: 222.4 (§G) .--_-- _'"
.: 200 (45) -
j
i
[ ' -/ :177.9 (60) _ _;- __
z55.7 (3s) _'!
/ =
133.4 (30) - ---- t "! -
• _ -
-- ,
112 ®',(25) -- d _ 7:
3, ---_"
ll;I _
I::'
9o 2: (20) ", :
o ----
, 2
' 22
66.7 1(15) -
: //// --2_ --=244.5 ;(tO) _'
/ __
22.2 ',(5) - -- :
(in4;hpou_8) (In) (2010) (3G_)O) (40(0) (5000)
.... O It t t i I ililtliillill .......... JJ _ mioj _oo o Oml_ jmJjoj_jojj_o j.,joojooi[ j jolimm J_O_OJ jo j
(_on-m :roe) 113 226 339 452 565
J _ Figure 16.
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.... ,-e
.7"" 0_ i":'c''--'_l _,.,f,L.;_ I
------o. s:s
200 KSI 5/8-18 A286 Bolts (0420-10-50) _.
Teated with
_mdt
A286 Plain. and countersunk washers. 7075-T6 &] m.Rm_w_ivmm_
Joint Haterlal. and 61170 nuts
Nut Lubricant - CadLtua, and cetyl alcohol =_ No.:
Torque was applied ¢o Che hue at 1/2 RPM DeW:
i
"-- l -"2z22.4 (50) [
_oo (45) /
/ -, / =
_- / "'-2___
155.7 (35) _ . :
/ -- - -._/ =,33.4 (3o) _ t / -
t12 (25) . _O,
4,Jr --
Q.-
90 o: (20) / /66.7 (15) =
#/
-£_ _-
44.5 ;(tO) =
. =
/t -22.2 ',(5)
( In_h pourA, ) (t0(X)) (2000) (3000) (di4)O0) (5000)
(Newton,tm tree) 113 226 339 h52 565
{ , Figure 17.
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Torque vs. Induced Load $
of
200 l_I 5/8-18 A286 Bolts (0420-10-26)
Tested wlth LjUmOUA¶O4U[m
A286 Plain, and countersunk washers.
7075-T6 AL Joint Material, and 61170 nuts Clt_'t No.:
Nut Lubricant - 620C dry fill
Torque was applied to the nut at 1/2 _PM D_:
222.4 (50) "t
200 (45) E _
/ :t --
177.9 (60) ii
-"-; -L_ /(r :
-- J /i /
155.7 (35) _ " -/ -
;, ,33._(30_--4 .... 1 / - / :
I
t .. 1
I
, ,,,-,..,,,- - ,_- / :_---I 90 12: (20)
: /" ..2=
b6.7 ;(15)
•_ . __ / _ _-
; /j -
_4.5 ',(1o)
_ _ _.=
!
• / =
22.2 :($) ____//, "' _.
--'-= ;
I
( i_h pooeds) (1000) (20OO) (3000) (4000) (3000)
(Nevton-ue treo) 113 226 339 452 563
Figure18.
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Torque vs, Induced
of
260 KSI I14-Z8 MP35H Bolts (MDIII-4020-0417)
Tested with
NAS 1587-6. and -4C Wslhers 7075-T6 AI iAl_lal'_imm
Joint Material, and EWmf 26 nuts
Nut Lubricant - Cadaltm
Ohmr¢ No.:Torque was applied to the nut at 2 _PM
_"'I"'"I""'"'I'H'"_ I"_";'l'"'!J_"l'''"'I''__'"i'"" I'"'"u'l"':
f44.5 :(to) - . _ii
i ....
i
40 :(9) - -.....
-- .--:
35.6 ,(B)
I
i)' .__ /
, -"=_
'(7" " L _=31.1
', L
E --_1
/l j --26.7 i(6) i ,
, --
222 io> L _, -Z
0, | ----:
17.8 =,(4)
o, - / •
-, //i -13.3 (3) ..... :
y -Ai " =_._ (2)
_ _.2
4.t,5 ',(1) Ii -
o ""2-
i
(__...._.._ ..)....o.? ) ..(!_).._ (!_).....(__ ) ...(2.!.0}....o._)...p } ,p _)...,p _L ..(.._.}
Newton-metres $.7 11.3 17 22.6 28.3 34 3).6 45._ 50.9 56.5
Figure 19.
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: Torque VS.ofInduced Load S: 260 KSl 114-28 MP35NBolts(10)111-4020-0417)
Tested with
NAS1587-4,a_ _4CWashers,7075-T6 A/ _01|I_
Jo'-ut Material,and L_MqM-26nuts
' Nut Lubricant - 620C dly f:i.+
Torque was applied to the nut at 2 RPM Obaet No. :
l_:_tm:
:_+ :-""I'"'+""I'''' '"'l'"' ""I'"' '"'I'"' ++"l'"'""I+'''+++'7'r; ""l+''''"'!" +
_ +
+_ 44.+ :(to) -+ ++
40 :(9)
!35.6 i(B)
? - ---2 _
31.I
:(7) -- _ +
' ,7, -- _ _m
26.7 i(6)
- [ _ - +
z.,.2 :(5) ......
a
f) o _ - •_
O' .... :
4_1 +- ] - +17.8=,(4) ",
•+41 -- _i
t3.a i(3)
' ,d I| _i n _ -.
_,9 I(2)
: /// --
4.45 ,,(t) ..,
+ L -!
<t_.h.. _._..__,_).. (Lm.. .. .c!_L...( !_L...c 2_L ".<2.!m....o._!.. p._ o..L_..)...._,._ oo.._.._d
: Ne_ton-mtre8 5.7 11.3 17 22.6 28,3 36 $51.6 65.2 50.5t 56.5
FIsure 20.
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Torque vs. Induced Load Jjd j !
of _ 'i
260 KSI 5/16-24I_P35NBolts (HD111-4020-0547)
Tested with
HAS 1587-5, and -5C Washers, 7075-T6 kt LASONAI_JII_
Joint Materiel, and EWtef26 nuts
Hut Lubricant - Cadalua
Torque was applied to the nut at 2 RIM CIN_t No. :
Dsto:
- , , , __
71.2 [616)
!!
• 02.3 i(14)
!
i
53.4 i(12)
: 1
"'","°' fJ!/35.6_(8) ....
' _;/17.8 i(4)
_ '
t
i
i
'
8.9 162) t
(inch pounds) (t_) (200) (3_) (k_) (500) (6m) (700) (800) (_JlO0) (ll_)
Sevtm-Nmt_mm) It.3 22.6 33.9 45.2 56..5 67.8 79.1 !10.4 101.7 113
C
Figure 21.
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OF pOUR Q_i_ _
Torque vs. Induced Lo,d I _ "of
260 KSI 5/16-24 HP35NBolts (NDI11-420-0547)
Tested with
NAS 1587-5, and -$C Washers, 7075-T6 ALl __
Joint lqaterial, and EWNH-26 Nuts L
Nut Lubricant - 620C dry film Chart No.: I
Torque was applled to the nut at 2 _/ Dstm:
_
---- -- 1
.., ._
71.Z (Z6) ._. -,
_- 7 --
/ -- 1"'- - i
3._.6_ (8) . _
_.- ,_ ,_ -
26.7 (6) • ,, • ,.,
Z "17.8 (4) =
/
8.9 (2> __ /_/, _-
, l._h _u,_. _ (100) (200) (300) (400) (_0) (600) (700) (SO0) 0_00) (1000)
Nevtem-Netreo) 11.3 22.6 33.9 45.2 $6.$ 67.6 79,1 tlO.& 101.7 113
Figure 22.
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i
Torque VS.ofInduced Load _ _
I
I 260 KS1 3/8-24 _35N Bolts (HI)III-4020-634)
.j Tested with
I NAS 1587-6,-6C Washers, 7075-T6 AI _
i Joint Haterlal, and EWNH-26 Nuts t
il Nut Lubricant - Cadmium _Olmi_ N@. :
S Tcrque was @plied to the nut at 2 RPM i
_t DWm:
1
_i ""!'"'=""I'"' ilrl'illf" ""1 llil 'll'lnll '"'1'"'1'"'1 '''' 'lilliill ""I"" I"lllll-' '
_ ..
89 (20) =
,:11 _o <,,,> i_ -: i;'
i
- 71.2 li6) F_.. -- =
l/ )1 :- ,
= i
: i
62.3 (i41 t
= t
.f..1._ (l;Z) - •
- !
-" -1
44.5 (10)
z
p,
,., /¢/ :'! 2h., _'(6) , -i :i "R i7.8 (1) /
I
o
i
8.* j (Z) , # "
...,2"
: I,,,,I,,,.!: - I ' ' ",,,,h,,,,,,h,,,,,,1,,,,;,,,,1,,,,, h,,,,,,1,,,,lillhiiiJ uplliin
(i_.h._.._._:L-E°-9_-.¢4._._.---P_._.L_-.g_.).-_.¢!._..L_.¢-t!._.L_!L_.)._.!!-_-2-
(Neltoll'litru) 22.6 &$.2 67.8 90.4 113 135.6 151.It 100.8
F£iiure 23.
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Torque vi. Induced Load Sof
260 KSI 318-24 NP35N Bolt8 (141)111-420-634)
Tested with LAI_Q +NAS 1557-6, and -6C Wul_re, 7075-T6AJ.
Joint Naterial, and EMIM-26 lqut8
Nut Lubricant - 620C dry fllm Chm_ No.:
Torque was applied to the out at 2 _ D_:
_:++'I"'"+'"'I'"'+ " ]+ '""l"""'"+''+ '"'l'"'I""+'"'t'"'l'+"+'"l'"','"I"'",__ +
_ +
// -
_ -
/1.2 (16) - .---_ : •
++
- B
+ ++.+ .(t+) ..
: 53..+ i(12) • -
l
i -i/44.5 :(I0) _ -_-- I _, ,
i/]" / o,++ I _ +,JS ,6 (8) - " +
26.7 (6) I -
I
--_iT., (+,_ - . ..
5.9 (z) :_
-; r fill+ IIlIIIIIL,,I£ I
- ;ln_'h _und._ (tO0) (200) O00) (A00) (5001 (600) (700) (OO0) (900) (ZOO0)
Nevt_-P4et rel) 11.3 22.6 33.9 &5.2 56.5 67.8 79.1 90.& 101.7 113
g
Ftf_re 24.
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t
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!
Torqu4 vs. Induced Load _
of
260 _I 1/2-20 HF35N Bolts (_)111-4020-0822)
Tested vlth i
1587-8, and -8C Wiihere, 7075-T6 /,1 _U :,
Jotr.t Hatertal, --_ EWm(26 hUeS _
l_Jt Lubricant - Cadmium _ Ne. :
to the nut it 2 _ DUe:Torque ipplledVall ]
_'"1""""1'"'!'"'1'"'""l" '"'I'"' '"rl"' ""t'"'"'"1'"' '"'1"' '"'1"': i
l - "
_22.4 (50)
2O0 (45) - .
_
177.9 (hO) -- .L
X55.7 (3})
- / -=
133.4 ,(30) !--..... /,
/ J
Iz2 =,(25)- •
.,=°:".- /// :-9o _.:(=0)
", :T
60.7 ;(t}) -- ,
-- --_
_._ ;(to)., , ---___--
- _
, ( inch pounds) (1000) (2000) (3000) (¢_00) (_00)
I It III II _ I III I llllllllllll I I W IIII _IIIII I IIIIIIIII iJllll IIIIIIIII lllJlllll IIIIIIIII J Jllll
(Xevtou-m tree) 1t3 226 3,39 452 565C
_'t_re 2_.
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Torque vI,ofluduced Load S260 KSI 1/2-20 _P35N _ lte (EID.i.li-4;)20.-Od22)
Tested vlth
NAS 1587-8, and -8(: vaehere, 7075-T6 AI L_IOO.ATOIWJ
Joint 14aterlal, and EWHH-26 uute
Nut Lubricant - 620C dry fil_
,: Torque wee applied to the nut at 2 1_! Okra4 No.: :_
222.4 (50) _--- I
-"2.
zoo (45) =- - i
-- ° i
-- -:- J
: t177.9 (40) :--- / / J -'=
_. |
155.7 (35) _ -- _
J
, /II J3.4 (30)
YlJ 2112 ,o; (25)
//_! - .__90 o, j
., (zo) .
. /:/,, -- ._=*
66.7 ;(15) , f
- //z
_d..5 ;(10) - -
-///
- _
22.2 :(5)
• iI --- i,,,Á,,h.,, ,,h,,,,,,I,,,,lJl,,,,,I.,,,,,I.,,,,,,h,,,,,,,I,,,,,,I,,,:
(t_h pound*) (zooo) (2ooo) (3ooo) (_eoo) (5o00)
........................................................................................
(Ne_on-metroo) 113 226 339 4_5]t 54L5
Flgure 26.
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_2Z.4 (50)
zoo (4_)
177.9 (&O)
Report No..)_ZO _ ,
iii OF POOR QUALITY i
Torque vs. Induced Load
of
i 260 ILSl5/8-18 _IP35NIolCa (NDIII-h020-1025)Teated w£th
A-286 Plain, and Cotmtermunk Washers, 7015-T6 kl
Join_ I_terlaJ., and _M-26 nuts
_ut Lubrican_ - 620C Dry Film C_ Me. : . '.
Torque vao applied to the nut sC 1/2 IU_ De_:
• _22.4 (50) : 1 , _- / "
7 , ! / /L
w
zoo (4s) ',
.- / ,
z:)5.7 (35) ........... ] .............. ,- - !
/. i
13].,_ (30) ........... !......... J-- ," '- "
I _/"'_ -:
'""=_-...........t...........-//O,
_lllllJiill,ll,l IIIIIIIZi IIIlLI,It I t1 I t,,,J,:.l.,,_.,h,,,;,,,,I.,,.,h,,_l,,,,l,,,_.
( tn;h _.) (Iooo) (2ooo) 0ooo) (tO00) (_oo)
(llle_t_ -m t fe_, 113 336 339 b5,1 565
Fibre 28.
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TABLE I
Ultimate Tensile Strength
of
EWB-0420 A286 Bolts
and Companion Nuts
Tensile Strength Proportional Limit
Part NAS1348 Area pounds psi pounds p_i
EWB-0420-4-34 .0388 8200 211000 6800 175000
8150 210000 6800 i75000
' 8320 214000 6900 178000 _ _-_
EWB-0420-5-38 .0614 i3000 212000 9500 155000
13200 215000 i0000 163000
13000 212000 9500 !55000 _qO :
EWB-0420-6-22 .0950 19200 202000 14500 153000
_9250 203000 14375 151000
19150 202000 14250 150000
EWB-0420-6-40 19700 20700_ 14500 153000 _ i_
EWB-0420-8-44 .1717 36500 213000 28000 163000
3/000 215000 28000 163000
36700 214000 16000 151000
EWB-0420-8-46 39000 227000 2900C 16900_ _
lOJ._
: _\l,V
EWB-0420-10-26 .2724 56500 207000 40000 147000
56300 207000 40000 147000
56500 207000 40000 147000
EWB-0420-I0-50 58000 213000 42Of,O i%000 ."]I+
36
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TABLE II i
Ultimate Tensile Strength ?
of 1 ._
RDIII-4020-HP35N Bolts
and Companion Nuts _ ;'
Tensile Strength Proportional Limit i
Part NAS1348 Area pounds psi pounds psl
MDIII-4020-0417 .0388 10180 262000 8800 227000
: 10200 263000 8700 224000
10240 264000 8900 229000
_ MDIII-4020-0547 .0614 16250 265000 14250 232000
16000 270000 13500 220000 _ _
16800 274000 14000 228000
_iii-4020-063_ .095 24750 261000 19750 208000
24875 262000 20250 213000
25300 260000 20500 216000
_iII-4020-0822 .1717 46500 271000 37500 218000
47000 274000 35500 207000
47500 277000 37500 218000 •
MDIII-4020-I025 .2724 72000 264000 62000 228000
72000 264000 62000 228000
72500 266000 62000 228000 .:
(
y
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¢ TABLE ]II
Maximum Ailowable Bearing Stress
of
7075-r6 Aluminum Joint Materlal
Tested by Loading NAS 1587 Washers Against the Aluminum
Bolt Tensile
Washer Bearing Area, Brlnell Load, Joint Bearing Stress -t
Size square inches pounds Stress Brinell Lo_ :
1/4 .168 6000 36,000 psi 155,000 psi
5/16 .194 7000 36,000 psi 114,000 psl
3/8 .252 10500 42,000 psi ii0,000 psi
1/2 .318 ].7000 53_000 psi 99,000 psi
Avg. 41,750 psi
I
• T
TABLE IV
Maximum Allowable Bearing Stress
of
NAS 1587 Washers and A286 Nuts and Bolts
• Tested by Loading A286 Bolts and Nuts Against the NAS1587 Washers ";
Bolt Tensile
Nut and Head Bearing Brinell Load, Washer Bearing Stress st
Slz___.£e Area - Square inches pounds Stress-pli . Brlnell Load
1/4 .097 4000 41000 103000 psi
' 5/16 .139 6000 43000 98000 psi
3/8 .213 9000 42000 95000 p_i
1/2 .330 17000 51000 99000 psi
,vs.
!
t
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TABLE V
Maximum Allowable Bearing Stress
of
NAS 1587 Washers, and MP35N Nuts and Bolts
Tested by Loading MP35N Nuts and Bolts Against NAS 1587 Washers
Bolt Tensile
Nut and Head Bearing Bzinell Load, Washer Bearing Stress at i
Siz_.__eeArea - Square inches Pounds Stress Brinell Load
1/4 .124 5000 40000 128000 psi i
5/16 .186 7500 40000 122000 psi
3/8 .294 12000 40000 126000 psi
1/2 .500 20000 40000 116000 psi
4
)
.
i
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TABLE "'_
Recommended Seating Torque
to Induce 90,000 psi Tensile
Stress* in the Bolt Threads
of EWB 0420 A286 Bolts and 61170 Nuts
1. EWB 0420 A286 Bolts, and 61170C (Cadmium Plated) A286 Nuts
Induced Load,
Bolt Size pounds Torque - in.-lbs. Coeff. F.**
1/4-28 3500 130 .15 "
5/16-24 5500 400 .23
3/8-24 8500 530 .17
'. 1/2-20 15400 1650 .21
:' 5/8-18 24500 2680 .18
! 2. EWB 0420 A286 Bolts, and 61170C (Cadmium Plated) A286 Nuts, and Cetyl
Alcohol
1/4-28 3500 112 .13
: 5/16-24 5500 280 .16
3/8-24 8500 380 .12
' 1/2-20 15400 1200 .16
5/8-18 24500 1700 .ii
: 3. EWB 0420 A286 Bolts, and 61170M (620C dry film) A286 Nuts
_J
/! 1/4-28 3500 135 .15 '
*:i 5/16-24 5500 280 .16
3/8-24 8500 480 .15
112-20 15400 1220 .16
5/8-18 24500 2300 .15
* Stress calculated using NAS 1348 Tensile Stress areas
i
** Coefficient of friction calculated using the formula T - (Nominal
dia. ) (Load) (F). :
i I .
'1
i
)i ""
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TABLE VII
Recommended Torque to
Induce 90,000 PSI Tensile
Stress* in the Bolt Threads
of MDIII-4020 MP35N Bolts,
and EWNM 26 Nuts
i. MDIII-4020 MP35N Bolts, and EWNM 26 Cadmium Plated Nuts
Induced Load,
Bolt Size pounds Torque - In.-ibs. Coeff F.**
1/4-28 3500 160 .18
5/16-24 5500 500 .29
3/8-24 8500 800 .25
1/2-20 15400 1750 .23
5/8-18 24500 2500 .16
: 2. MDIII-4020 MP35N Bolts, and EWNM 26 nuts with 620c dry filmlubricant
1/4-28 3500 134 .15
5/16-24 5500 250 .15
3/8-24 8500 500 .16
1/2-20 15400 900 .12
5/8-18 24500 2600 .17
* Stress calculated using NAS 13_8 Tensile stress areas
** Coefficient of friction calculated using the formula T -(Nominal
die. ) (Load) (F).
!'
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I
t
!
APPENDIX
Contains -
i. Tables of Nut Seating Torques for the five
combinations of fastener material and
lubrication
2. Test Part Drawings :_
J
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Nut Seating Torque
for
EWB 0420 A-286 Bolts and 61170C Cadmium Plated A-286 Nuts
with
NAS 1587 Plain and Countersunk Washers on 7075-T6 Joint Material I
Preload Stress
Bolt ii0,000 90,000 70,000 50,000 30,000 i0,000 !i
Size psi _si psi psi psi _
i/4-28 17.9 N/n 14.6 N/m 11.4 N/m 8.1N/m 4.8 N/m 1.6 N/m _:
(159)in-lb.(130)in-lb(101)In-lb.(72)in-lb. (43)In-lb. (14)in-lb. !"
5/16-24 53.8 44.0 34.2 24.5 14.6 4.8 °_
(477) (400) (303) (217) (130) (43)
3/8-24 71.4 50.1 49.1 35.6 21.4 7.1
(632) (530) (435) (315) (190) (63)
1/2-20 219.2 186.4 151.4 116.4 62.1 20.7
(1940) (1650) (1340) (1030) (550) (183)
5/8-18 370.0 302.7 235.5 168.3 100.5 33.9
(3275) (2680) (2085) (1490) (890) (300)
Notes: I. NAS8 - 32525 data base
2. Torque in Newton-metres
3. Torque in inch-pounds (XX)
4. Preload stress based on NAS 1348 tensile stress areas
5. For preload stress variation see SPS Laboratory Report
No. 5920 (NAS8 - 32525) •
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Nut Seating Torque
for
EWB 0420 A-286 Bolts and 61170C Cadmium Plated A-286 Nuts with Cetyl Alcohol
with
NAS 1587 Plain and Countersunk Washers on 7075-T6 Joint Material
Preload Stress
Bolt ii0,000 90,000 70,000 50,000 30,000 I0,000
Siz____e psi psi psi psi __p__ psi
1/4-28 15.5 N/m 12.6 N/m i0.0 N/m 7.0 N/m 4.1N/m 1.4 N/m
(137)in-lb(l12)in-lb.(87)in-lb. (62)in-lb. (37)in-lb. (12)in-lb.
5/16-24 38.6 31.b 25.4 18.8 11.3 3.7
(342) (280) (225) (166) (100) (32)
3/8-24 52.4 42.9 32.3 23.8 14.3 4.7
(464) (380) _295) (211) (127) (42)
1/2-20 165.7 135.5 105.6 75.3 45.2 15.0
(1467) (1200) (935) (667) (400) (133)
5/8-18 235.0 192.0 149.1 106.7 64.0 21 5
(2080) (1700) (1320) (945) (567) (190)
Notes: i. NAS8 - 32525 data base
2. _orque in Newton-metres
3. Torque in inch-pounds (XX)
4. Preload stress based on NAS 1348 tensile stress areas
5. For preload stress variation see SPS Laboratory Report
No. 5920 (NAS8 - 32525)
i
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!
_ Nut Seating Torque
for
f ENB-0420 A-286 Bolts and 61170C (620C Dry Film Coated) A-286 Nuts
with
Il NAS 1587 Plain and Countersunk Washers on 7075-T6 Joint Haterial
t
Preload Stress
i Bolt 110,000 90,000 70,000 50,000 30,000 10,000
i slz____ _ psi psi psi psi psl
i 1/4-28 18.6 N/m 15.2 N/m 11.9 N/m 8.5 N/m 5.1 N/m 1.7 N/m
•'' (165)in-lb.(135)in-lb(105)in-lb.(75)in-lb.(45)in-lb.(15)in-lb. '
5/16-24 38.6 31.6 24.6 17.6 10.5 3.5
(342) (280) (218) (156) (93) (31)
3/8-24 66.3 54.2 42.1 30.2 18.1 6.0
(587) (480) (373) (267) (160) (53)
I/2-20 155.3 137.8 118.6 89.2 53.5 17.8
(1375) (1220) (1050) (790) (474) (158)
5/8-18 317.6 259.8 202.1 144.4 86.6 28.9
(2811) (2300) (1789) (1278) (767) (256)
Notes: i. NAS8 - 32525 data base
2. Torque in Newton-metres i
3. Torque in inch-pounds (XX)
4. Preload stress based on NAS 1348 Tensile stress areas
5. For preload stress variation see SPS Laboratory Report
No. 5920 (NAS8 - 32525)
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Nut Seating Torque
for
MDIII-4020 MP35N Bolts and EWNM-26 Cadmium Plated Nuts
with
NAS 1587 Plain and Countersunk washers on 7075-T6 Joint Material
Preload Stress
Bolt ii0,000 90,000 70,000 50,000 30,000 I0,000
Siz.___ee psi _psi psi _ psi __si__
1/4-28 22.1N/m 18.0N/m 14.01,/m 10.2N/m 6.0N/m 2.0 N/m
(196)in-lb.(160)in-lbC124)in-lb.(90)in-lb.(53)in-lb.(18)in-lb.
5/16-24 69.0 56.5 44.0 31.4 18.8 6.2
(611) (500) (390) (278) (167) (55)
3/8-24 110.5 90.4 70.3 50.2 30.2 10.2
(978) (800) (622) (444) (267) (90)
1/2-20 241.8 197.7 153.6 109.8 65.9 21.9
(2140) (1750) (1360) (972) (583) (194)
5/8-18 345.1 282.4 219.6 157.0 94.1 31.4
(3055) (2500) (1944) (1390) (833) (278)
Motes: 1. NAS8 - 32525 data base
: 2. Torque in Newton-metre8
I 3. Torque in inch-pounds (XX)
1 4. Preload stress based on Nt_ 1348 Tensile stress areas|
-! 5. For preload stress variation see SPS Laboratory Report
i No. 5920 (NA58 - 32525)
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Nut Seating Torque
for
MDIII-4020 MY35N Bolts and EWNM-26 Nuts 62CC Dry Film Coated
with
i NAS 1587 Plain _nd Countersunk Washers on 7075-T6 Joint Material
4
i
I
Preload Stress
I Bolt ii0,000 90,000 70,000 50,000 30,000 i0,000
! Slz__£ psi _Psi PSi psi ___l_ psi
1/4-28 18.5 N/m 15.1N/m 11.7 N/m 8.4 N/m 5.1 N/m 1.7 N/m
(164)in-lb(134)in-lb(lO4)in-lb.(74)in-lb.(45)in-lb.(15)in-lb.
5/16-24 34.5 28.2 21.9 15.7 9.4 3.2
(305) (250) (194) (139) (83) (28)
; 3/8-24 64.9 56.5 43.9 31.4 ].8.9 6.3
I (575) (500) (389) (278) (167) (56)
J
i 1/2-20 118.6 101.7 79.0 56.5 33.9 11.3
., (1050) (900) (700) (500) (300) (100)
!
"3
1 5/8-18 344.6 293.7 242.9 173.4 103.9 34.7
} (3050) (2600) (2150) (1535) (920) (307)
I
4!
Notes: I. NAS8 - 32525 data base
2. Torque in Newton-metres
3. Torque in inch-pounds (XX)
4. Preload stress based on NAS 1348 Tensile stress areas
5. For preload stress variations see SPS Laboratory Report
No. 5920 (NAS8 - 32525)
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l (I) THRE_O_-BEFORE LUDRICATIONPER k4:L-S-8{}19
(2) BEARING _UARENEsg - BEARING SUR;',,CE TO BE SQUARE WITH PITOI DIAMETER WITHIN X T.I.N. _14E/,I CIQ[CKCD
AT A POINT MI OWAY BETWEEN THE O.O. AND I. 0. OF T_.rr BF_ARING SURFA r_r,
(3) IJ ,RING FLATNESS o BEARING SURFACE TO BE FLAT TO CO_:C_VIE W_THIN y 1".I.E. WHEN CHEC_F,D IN AC(:X_IDAhC_
I WITH SPS-G-101$
MATIERoAL - _ 3SN pER AMS 57S8
PLATING - SILVER PLATE PER AMS2410, THICKNESS .000{_-.0006 OR C.kDMIUM PLATE PE_ (_Q-P-4|I. TYPE II CLASS_. O
LUBRICANT - _OI, YB_;NUM DISULFIDE DRY FILM LUBRICANT ON SILVER PLATE ONLY (_)
irLI_I_RESECENT PEN_TRANT INSPECT PER SPS*I-700. LEVEL II
LOCKING TORQUE P£_ SPECIFICATION SPS-[-Iil)
BREAK SHARP CORN£R'S
DIk*ENSIONS IN INl_'lE5 UNLESS SPECIFIED OTH-_RWISE. ID[MENSIONS TO SE MI[T PRIOR TO LUBltlCATION
PERFORMA?'CE * SEE P£OCUREMENT SPECIFICATION
DESIGN AND u_AG[ LIMITATIONS - THESE NUTS ARE DESIGNED TO DEVELOP THE TENSILI_ $11WENGTH OP BOLTS AND SCREWS WITH AN
ULTIMATE TENSILE STREI_GTN OF llO KSI BASED ON A CROSS SECTIONAL AREA AT *n4E BASI¢ PITC)i DIAM[TrR. THESE NUTS ARI_
DESGN_D TO BE USED WiTH COMPANION BOI.T pItODU_D TO DW_. SPS,.,S-"_'0]|S
PART NUMIER -
.
• 9, • ,.
• _ 1"¢ - _! • ._'SO-ll NUT, CADMIUM PLATE{) _) "" ' :"•=--.--DA H NUMBER FROM TABULATION DESIGNATING HOM. 114R_4D SIZE AND PITCH.
l' _-'-''eC"DESIGNATES TYPE:II CADMIUM PLATING. NO LI_rlrER D[SIGNATI[B Sll, VKR PLATING WITH I_Y FILM LUBRICAWrT. _J
BASIC PART NUMBER. •
'TPI._ STANDARD TAJ(ES PRECEDENCE OVER DOCUMENTS REFLrRENC_O HEREIN. ltEFEIIEN¢I[D OC_'U)4[NTS SHALl. BE OF THF, ISSUE IN
EFFECT ON DATE OF INVITATION FOR BIO. pART NU_ll:RS OTHER THAN LISTED ON T_IS DI_AWII_G I_HALL HOT B[ USi:D.
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